Background: The association between peripheral leukocyte count and bleeding events in nonvalvular atrial fibrillation (NVAF) patients treated with dabigatran remains unclear. This study aimed to explore the association between leukocyte count and bleeding events after excluding other confounders in NVAF patients taking dabigatran. Methods: A total of 851 NVAF patients treated with dabigatran (110 mg bid) were recruited from 12 centers in China from February 2015 to December 2017. Follow-up was completed by May 2018. The exposure and outcome variables were leukocyte count measured at baseline and the number of bleeding events within the subsequent 6 months. Multivariate Cox proportional hazards models were constructed to analyze independent associations, and a Cox proportional hazards regression with cubic spline functions and smooth curve fitting (penalized spline method) was used to address nonlinearity between leukocyte count and bleeding. The inflection point was calculated using a recursive algorithm, and then a two-piecewise Cox proportional hazards model for both sides of the inflection point was constructed. Results: During 6-month follow-up, 87 participants occurred bleeding events. For every 1 Â 10 9 /L increase in leukocyte count, the risk of bleeding increased by 11% (hazard ratio [HR]: 1.11, 95% confidence interval [CI]: 0.99-1.25). The smooth curve showed nonlinear relationship between leukocyte count and bleeding events. The inflection point of the leukocyte count was 6.75 Â 10 9 /L. For leukocyte counts < 6.75 Â 10 9 /L, the HR (95% CI) was 0.88 (0.69-1.13), and for leukocyte counts ≥ 6.75 Â 10 9 /L, the HR (95% CI) was 1.28 (1.09-1.51). Conclusion: This study found a J-shaped association between baseline leukocyte count and risk of bleeding in NVAF patients treated with dabigatran. Clinical trial registration: NCT02414035, https://clinicaltrials.gov.
Introduction
Atrial fibrillation (AF) is a common cardiac arrhythmia that has been associated with increased mortality and morbidity from stroke and thromboembolism. [1] The introduction of oral anti-coagulants dramatically reduces the risk of stroke and thromboembolism. [2] Warfarin is the most well-documented and widely administered oral anticoagulant in patients with both AF and non-valvular atrial fibrillation (NVAF); nevertheless, coagulation indicators need to be frequently monitored due to great differences among individual patients, and a narrow safety range exists. [3, 4] Dabigatran is a competitive direct thrombin inhibitor approved worldwide for the prevention of stroke and systemic embolism in patients with NVAF based on findings of the randomized evaluation of long-term anticoagulant therapy (RE-LY) trial. [5] Compared with warfarin, dabigatran, as a new oral anti-coagulant, had a better risk/benefit ratio in patients with NVAF, further reducing the incidence of stroke and thromboembolic events and being more convenient for use. [6] [7] [8] [9] However, anti-coagulation therapy for thromboprophylaxis is associated with a risk of bleeding. With the increase in the use of dabigatran, there have been documented episodes of minor or even major bleeding events. [10] [11] [12] The purpose of this study was to evaluate the efficacy and safety on anti-coagulant therapy for dabigatran in patients with NVAF, and to search for potential indicators which influenced bleeding events. It is known that leukocytosis could indicate infection, bleeding, stressful conditions, inflammation, trauma, allergy, or other diseases. [13] Previous studies have shown that bleeding events were correlated to leukocytosis in patients with sub-arachnoid hemorrhage. [14] [15] [16] So, we speculated that high leukocyte count would be associated with bleeding events in patients with NVAF treated with dabigatran, and we explored the association through the data from a prospective study.
Methods

Ethical approval
The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of the Second Affiliated Hospital of Nanchang University. Informed written consent was obtained from all patients before their enrollment in this study.
Study design and participants
The present study was an observational study carried out in 12 hospitals throughout China (ClinicalTrials.gov Identifier: NCT02414035). The exposure and outcome variables were leukocyte count measured at baseline and the number of bleeding events within the subsequent 6 months. Data collection utilized an electronic data capture system. Participants with NVAF who initiated dabigatran (110 mg bid) orally after diagnosis were non-selectively and consecutively enrolled from February 2015 to December 2017, and were followed up at 1 month, 3 months, and 6 months. NVAF was diagnosed based on the 2014 American Heart Association/American College of Cardiology/Heart Rhythm Society guidelines for the management of patients with AF. [17] The inclusion criteria were as follows: (1) patients diagnosed with NVAF; (2) patients aged >18 years at the start of the study; (3) patients had a CHA 2 DS 2 -VASc score ≥1; (4) dabigatran was initiated after diagnosis of NVAF; and (5) patient signed voluntarily an informed consent form. The exclusion criteria included the following: (1) patients with history of heart valve disorders, or stroke within the previous 14 days; acute coronary syndrome (ACS) within 1 year; hematuria; severe liver dysfunction (alanine aminotransferase ≥120 U/L); severe renal impairment (estimated glomerular filtration rate [eGFR] <30 mL·min À1 ·1.73 m À2 ); or major surgery in the previous month; (2) patients with history of intra-cranial, intra-ocular, spinal, retroperitoneal, or atraumatic intra-articular bleeding; gastrointestinal hemorrhage or hematuria; (3) alcohol abuse or drug addiction; (4) poor compliance; and (5) participation in any other clinical trial for investigational drugs and medical devices.
Study variables and definition of terms
The primary outcome was the occurrence of all bleeding events. The leukocyte count obtained at baseline was recorded as a continuous variable and determined with automatic blood analysis equipment in accordance with consistent standard methods at the laboratories of the different centers. Laboratory staffs were not aware of the research protocol. According to published guidelines and studies, we obtained the final outcome variable (bleeding). Major bleeding was defined as a reduction in hemoglobin concentration by at least 20 g/L, transfusion of at least two units of blood, and symptomatic bleeding in a crucial area or organ that required hospitalization. All other bleeding events were regarded as minor. [18, 19] Bleeding was defined independently of leukocyte count.
Covariates in the present study included demographic data, general information, variables that affect leukocyte counts or bleeding events reported by previous studies and our clinical experiences. Therefore, the following variables were used to construct the fully adjusted model: (1) continuous variables included age; body mass index (BMI, kg/m 2 ); CHA 2 DS 2 -VASc score (congestive heart failure, hypertension, 75 years of age and older, diabetes mellitus, previous stroke or transient ischemic attack [TIA], vascular disease, 65-74 years of age, female); HAS-BLED score (hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile international normalized ratio, elderly, drugs/alcohol concomitantly), obtained at baseline; systemic blood pressure (SBP, mmHg); diastolic blood pressure (DBP, mmHg); blood hemoglobin (HGB, g/L); blood platelet (PLT, Â10 9 /L); and eGFR (mL·min À1 ·1.73 m À2 ) obtained at baseline and follow-up. (2) Categorical variables included gender; smoking; drinking; AF type; radiofrequency ablation; self-reported medical history, including hypertension, coronary heart disease (CHD), heart failure (HF), peripheral arteriopathy (PAD), TIA, stroke, bleeding history; and concomitant drugs, such as angiotensinconverting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs), calcium channel blockers (CCBs), diuretic, b blockers, proton pump inhibitors (PPIs), digoxin, aspirin, clopidogrel, and statins, obtained at baseline. The CHADS2-VASc score was calculated as the sum of all points for a given patient and need ≥1. A history of previous stroke or TIA was assigned two points; congestive HF, hypertension, an age of 75 years or older, and diabetes were each assigned one point. The eGFR was estimated by the Chronic Kidney Disease Epidemiology Collaboration equation. [20] BP was measured twice in the right arm after 10 min of rest. The average of the two measurements was used. Hypertension was defined as a SBP ≥140 mmHg or a DBP ≥90 mmHg or a self-reported physician diagnosis of hypertension. Information about current smoking and drinking habits, previous medical history, and use of concomitant drugs was based on a questionnaire and medical records. Participants were categorized in terms of smoking/drinking as never smokers/ drinkers, former smokers/drinkers (ie, non-smokers/ drinkers who previously smoked/drank daily for at least 1 year) and current smokers/drinkers (ie, daily smoking/ drinking).
Follow-up
Follow-up visits were scheduled at 1, 3, and 6 months at outpatient review after the first dabigatran dose. Monitoring indicators included routine blood, routine urine, routine stool, liver, and kidney function tests, and information on self-reported bleeding events. The cut-off date for participant follow-up was May 2018. Follow-up data management was performed by specialized staff who was unaware of the outcome event. The data were stored in an electronic data acquisition system. All participants were followed for 6 months unless dabigatran was discontinued or bleeding events occurred.
Statistical analysis
Continuous variables were expressed as mean ± standard deviation. Categorical variables were expressed as frequency or percentage. We used Chi-square test, one-way analysis of variance, or Kruskal-Wallis H tests to compare differences among the different leukocyte count groups (tertiles). To investigate whether leukocyte count was correlated with bleeding events in selected participants, the statistical analyses consisted of three main steps. Step 1 included univariate and multivariate Cox proportional hazards models. We constructed three models: model 1, with no covariates adjusted; model 2, with only adjustment for sociodemographic data; and model 3, which included model 2 plus the other covariates presented in Table 1. Step 2 involved addressing the non-linearity of leukocyte count and bleeding events in patients with NVAF, and Cox proportional hazards regression models with cubic spline functions and smooth curve fitting (penalized spline method) were conducted. If non-linearity was detected, we first calculated the inflection point using a recursive algorithm and then constructed a two-piecewise Cox proportional hazards model for both sides of the inflection point. We determined the best fit model based on the P values for the log-likelihood ratio test. Step 3 involved ensuring the robustness of the data analysis; therefore, we performed a sensitivity analysis in which we converted leukocyte count into a categorical variable and calculated the P for the trend. The purpose was to verify the results of leukocyte count as the continuous variable and to observe the possibility of non-linearity. All analyses were performed with statistical software packages in R (http:// www.R-project.org; The R Foundation) and Empower-Stats (http://www.empowerstats.com, X&Y Solutions, Inc, Boston, MA, USA). A P < 0.05 (two-sided) was considered statistically significant.
Results
Baseline characteristics of selected participants
Finally, the analysis dataset consisted of data from 851 participants with mean age of 65.3 ± 11.1 years and 489 (57.46%) males. The 87 participants occurred bleeding events (83 minor bleeding events and four major bleeding events). Bleeding events included 51 hematuria cases, 11 gingival bleeding cases, ten gastrointestinal bleeding cases, ten skin ecchymosis cases, two hemoptysis cases, one epistaxis, and two other bleeding cases. The baseline characteristics of participants are presented in Table 1 according to leukocyte count tertiles (tertile 1: leukocyte count <5.40 Â 10 9 /L; tertile 2: leukocyte count of 5.40-6.88 Â 10 9 /L; tertile 3: leukocyte count >6.88 Â 10 9 /L). No statistically significant differences were detected for the following factors among different leukocyte count tertiles: SBP, smoking, drinking, radiofrequency ablation, AF type, CHA 2 DS 2 -VASc score, HAS-BLED score, CHD, HF, PAD, TIA, stroke, bleeding history, ACEI/ARB, diuretic, b blockers, PPIs, amiodarone, digoxin, aspirin, clopidogrel, and statins (all P > 0.05). Among three leukocyte count tertiles, participants with leukocyte count >6.88 Â 10 9 /L (tertile 3) was the youngest (P < 0.0010) and had highest PLT value (P < 0.0010), HGB value (P < 0.0010), hypertension rate (P = 0.0010), and CCB rate (P < 0.0010); participants with leukocyte count of 5.40 to 6.88 Â 10 9 /L (tertile 2) had highest BMI values (P = 0.0010) and proportion of male (P = 0.0150).
Association between leukocyte count and risk of bleeding
In this study, we constructed three models for analyzing the independent effects of leukocyte count on bleeding events after adjusting for other potential confounders. The hazard ratios (HRs) and 95% confidence intervals (CIs) for these three equations are listed in Table 2 . In the unadjusted model (model 1), for every 1 Â 10 9 /L increase in leukocyte count, the risk of bleeding increased by 9.00% (HR: 1.09, 95% CI: 0.98-1.22). In the minimally adjusted model (model 2, adjusted for age, gender, smoking, drinking, BMI), for every 1 Â 10 9 /L increase in leukocyte count, the risk of bleeding increased by 10.00% (HR: 1.10, 95% CI: 0.99-1.23). In the fully adjusted model (model 3, adjusted for all the covariates presented in Table 1 ), for every 1 Â 10 9 /L increase in the leukocyte count, the risk of bleeding increased by 11.00% (HR: 1.11, 95% CI: 0.99-1.25). We also converted leukocyte count from a continuous variable to a categorical variable (tertiles). When leukocyte count was used as a categorical variable, the results of P for the trend in the fully adjusted model were consistent with the results of P when leukocyte count was a continuous variable. In addition, when leukocyte count was applied to the fully adjusted model as a categorical variable, the trend of the effect in different leukocyte count groups was non-equidistant. These results suggested that the association between leukocyte count and bleeding events was likely to be non-linear.
Non-linearity and threshold effect between leukocyte count and risk of bleeding
In the present study, we analyzed the non-linear relationship between leukocyte count and bleeding events [ Figure 1 ]. The result of the smooth curve showed that the relationship between leukocyte count and bleeding was non-linear (after adjusting for other covariates presented in Table 1 ). We fitted the association between leukocyte count and bleeding using the Cox proportional hazards regression model and the two-piecewise Cox proportional hazards regression model. The P for the log-likelihood ratio test was 0.0390. This result indicated that the twopiecewise Cox proportional hazards regression model was more suitable for analyzing the association between leukocyte count and bleeding events because it could accurately represent the relationship between leukocyte count and bleeding. Using a two-piecewise Cox proportional hazards regression and recursive algorithm, we calculated the inflection point to be 6.75 Â 10 9 /L. For leukocyte counts <6.75 Â 10 9 /L, the HR (95% CI) was 0.88 (0.69-1.13), and for leukocyte counts ≥6.75 Â 10 9 /L, the HR (95% CI) was 1.28 (1.09-1.51) [ Table 3 ].
Discussion
In our study, we reported the association between leukocyte count and risk of bleeding in patients with NVAF taking oral dabigatran. We found a non-linear relationship using a smoothing curve and demonstrated a threshold effect between leukocyte count and the risk of bleeding. On two sides of the inflection point of 6.75 Â 10 9 /L, the leukocyte count and risk of bleeding were not consistent, with the left side at 0.88 (95% CI: 0.69-1.13) and the right side at 1.28 (95% CI: 1.09-1.51).
Previous evidences revealed that elevated leukocyte count was a risk factor for future cardiovascular events in individuals apparently free of cardiovascular disease [21] and a prognostic marker for patients already with cardiovascular diseases. [22, 23] Several studies have shown that leucocytosis was associated with increased bleeding in multiple cardiac conditions and procedures. Palmerini et al [24] reported that elevated leukocyte count was strongly related to major bleeding in patients with STsegment elevation acute myocardial infarction undergoing primary percutaneous coronary intervention (PCI) and patients with non-ST-segment elevation ACS. Ndrepepa et al [25] also described that elevated leukocyte count was correlated with a higher incidence of major bleeding within the first 30 days following PCI, in patients presenting with ACS. Moreover, among patients undergoing cardiac surgery with cardiopulmonary bypass, high leukocyte count has been reported to be an independent predictor of increased peri-operative bleeding. [26] Therefore, the correlation between elevated leukocyte count and bleeding in considerable clinical settings has been established. There was a potential mechanism, through which leukocytosis might indirectly contribute to bleeding events, was that increases in leukocyte count concentrations might influence whole blood procoagulant activity by reducing platelet mediated procoagulation via an interaction with leukocytes. [27] George et al [28] indicated that the magni- tude of the inflammatory response might be important when attempting to identify whether patients were at risk for bleeding. As we all known, leukocytosis was an important manifestation of inflammatory response. However, the mechanism linking high leukocyte count and bleeding treated with dabigatran remains to be further studied.
In our study, most of the bleeding events were minor bleeding, and the number of the patients experienced major bleeding was low. Nevertheless, there were some clinical implications of this study. First, a minor bleeding event could predict a major bleeding event. [29] Second, a minor bleeding event may lead to discontinuation of anticoagulant treatment. [30] We prescribed a 110-mg dose instead of a 150-mg dose of dabigatran for patients with NVAF. The reasons are as follows: first, there was no obvious advantage of 150 mg over 110 mg in further reducing the risk of ischemic stroke and all-cause mortality in Asian patients, as demonstrated in the RE-LY trial. [31, 32] Second, Asians have a substantially smaller average body size, lower average body weight, and lower average BMI than those in non-Asians [33] ; therefore, a lower dose of dabigatran should be more suitable in China. Third, physicians may conservatively prescribe a lower dose of dabigatran because of the concern regarding bleeding problems.
Some limitations should be noted. First, the study participants were from a Chinese population; thus, the generalizability of the results to other populations remained to be verified. Second, the findings in this study were based on 110 mg instead of 150 mg dabigatran doses, so conclusions could not be applied to patients taking 150 mg of dabigatran. Third, single measurement of leukocyte count might have resulted in the misclassification of some comorbidities. However, measurement error was not equal to measurement bias, and it was reasonable to assume that the potential measurement errors would not bias our findings. Fourth, as in all observational studies, even though known potential confounding factors were controlled for, there might have been still uncontrolled confounding due to unmeasured differences in behaviors or other factors. Despite these limitations, our research also had advantages. We reported the association between leukocyte count and risk of bleeding in patients with NVAF taking oral dabigatran. In addition, we addressed the non-linearity between the leukocyte count and risk of bleeding and further explained the non-linearity. We provided adequate statistical rationale for the evaluation of independent risk due to leukocyte count, a feature that was lacking in previous studies.
In conclusion, this study found a J-shaped association between baseline leukocyte count and risk of bleeding in patients with NVAF treated with dabigatran. Patients with NVAF taking dabigatran with leukocyte counts greater than 6.75 Â 10 9 /L may be more prone to bleeding. The present findings may contribute to the construction of a prediction model for bleeding among patients with NVAF treated with dabigatran in the future.
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